Introduction: While complex and containing significant intersubject variability, the kinematics of the knee are dependent on the shape and alignment of the articular surfaces. Many studies have focused on identifying relationships between anatomical measurements and kinematics to aid in the diagnosis and treatment of pathology and to inform the design of implants. For example, correlations have been established between patellofemoral (PF) kinematics and measurements, including sulcus angle and patellar height [1,2]. Recently, advances in statistical shape modeling, moving from individual bones to considering the multiple structures of a joint [3], have enabled more robust descriptions of the anatomy. Using a statistical shape model of the patella and femur, Fitzpatrick et al. investigated links between shape and finite element-predicted PF joint mechanics using principal component analysis [4]. The objective of this study was to investigate relationships between knee anatomy and tibiofemoral (TF) and PF kinematics with anatomy described by a statistical shape model and kinematics derived from cadaveric experimental data. Methods: Experimental testing was performed on 20 cadaveric specimens (all male, average age 64, range: 52 to 80) in the Kansas knee simulator under a simulated squat activity [5,6]. Magnetic resonance and computed tomography imaging was performed on the knees prior to testing. The structures of the knee, including the femur, tibia, patella, and associated cartilage, were segmented using ScanIP (Simpleware, Exeter, UK). After developing a tri template mesh for the bones of a median-sized specimen, an iterative closest point (ICP) algorithm established nodal correspondence for each bone. A similar approach established correspondence for the cartilages using a series of handles (a particular subset of nodes) to morph a hexahedral mesh to each specimen. Local anatomic coordinate systems were developed for each bone based on the articular geometry and anatomical landmarks as described in [3]. During the experiment, the position of the femur, tibia and patella were measured throughout the 90° squat cycle. The local coordinate systems were registered to the experiment by aligning the bone and cartilage meshes to points probed on the articular and bony surfaces from the experiment. This enabled 6 degree-of-freedom (DOF) kinematics to be calculated for both the TF and PF joints in the local coordinate systems. Kinematics for each DOF were discretized with 101 points through the activity cycle. A principal component analysis (PCA) was performed using x,y,z coordinates of the nodes representing the bone and cartilage, and the kinematic data. The PCA described the common orthogonal modes of variation in the data; the first three modes were perturbed by +/-1.5 standard deviations to visualize the relationships between shape and kinematics. The kinematic profile enabled consideration of each specimen's initial alignment and the motion through the cycle. Lastly, a lowest point representation of the TF kinematics showed the point of contact between the articular geometry on the medial and lateral condyles.
